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BACKGROUND 
 
A series of efforts to establish a refuge population of vendace (Coregonus albula) originating 
from the threatened population of Bassenthwaite Lake in north-west England was made at 
Loch Skeen (or Loch Skene), Dumfries and Galloway, in south-west Scotland during the late 
1990s.  Subsequent sampling at Loch Skeen by gill netting in 2003 revealed that these 
efforts had been successful and that a reproducing population has been established, 
although a full population study including an assessment of abundance was not undertaken.  
Given a continuing deterioration in the status of the vendace in Bassenthwaite Lake, where 
no biological specimens have been recorded since 2001, the refuge population of Loch 
Skeen will prove invaluable in any future reintroduction attempt. The objective of this project 
was to apply a Site Condition Monitoring assessment protocol for whitefish to the vendace 
refuge population of Loch Skeen. This involved quantitative hydroacoustics and survey gill 
netting followed by assessment of results against a series of criteria covering abundance, 
population demographic structure, and maintenance of habitat quality. 
 
MAIN FINDINGS 
 
 Geometric mean abundance of all sizes of all fish was 386.2 fish ha-1, with lower and 
upper 95% confidence limits of 106.6 and 1399.3 fish ha-1, respectively. A total of 91 
fish of three species, i.e. 42 brown trout (Salmo trutta) (length range 120 to 299 mm, 
weight range 22 to 336 g), 10 minnow (Phoxinus phoxinus) (length range 40 to 73 
mm, weight range 1 to 4 g) and 39 vendace (length range 122 to 215 mm, weight 
range 16 to 111 g) was recorded from inshore, offshore bottom and offshore surface 
habitats. 
 The vendace were aged from 1 to 6 years with all encompassed age classes being 
recorded.  The overall male : female sex ratio was 0.5:1 (13 males : 24 females), with 
two immature individuals of age 1 year being of indeterminable sex.  Both sexes 
generally reached maturity at 2 years.  The above overall fish abundance converted 
to a geometric mean abundance of vendace of 231.7 fish ha-1, with lower and upper 
95% confidence limits of 64.0 and 839.6 fish ha-1, respectively.  The mean 
percentage contribution by small individuals to the combined offshore populations 
(identification to species was not possible) was 81%, with lower and upper 95% 
confidence limits of 58% and 105%, respectively. 
 On the basis of the above and other features, the overall condition of the vendace 
refuge population of Loch Skeen was considered to be favourable. 
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1 INTRODUCTION 
 
1.1 Background 
 
A series of efforts to establish a refuge population of vendace (Coregonus albula) originating 
from the threatened population of Bassenthwaite Lake in north-west England (Winfield et al., 
2007) was made at Loch Skeen (or Loch Skene), Dumfries and Galloway, in south-west 
Scotland during the late 1990s (e.g. Lyle et al., 1999).  This attempt to establish a refuge 
population for the Bassenthwaite Lake population also constituted a reintroduction of the 
vendace to Scotland following the loss of two populations in Castle Loch and Mill Loch near 
Lochmaben, Dumfries and Galloway (Maitland & Lyle, 1990).  Subsequent sampling at Loch 
Skeen by gill netting in 2003 revealed that these efforts had been successful and that a 
reproducing population has been established (Maitland et al., 2003), However, a full 
population study including an assessment of abundance was not undertaken. 
 
In Scotland, Scottish Natural Heritage (SNH) has a duty to monitor the condition of a wide 
range of natural sites and their biota listed under a range of conservation designations.  This 
obligation has led to the development of a Site Condition Monitoring (SCM) programme 
which aims to develop appropriate survey methodologies and reporting protocols for each 
feature of interest within each site.  In the present context, the SCM protocol for whitefish 
(covering vendace and the closely related Coregonus lavaretus known as powan, schelly 
and gwyniad in Scotland, England and Wales, respectively) of Bean (2003) is clearly 
appropriate to a full population assessment of the vendace refuge population of Loch Skeen. 
 
The protocol of Bean (2003) uses a combination of sampling and analysis based on 
quantitative hydroacoustics and survey gill netting to establish the status of whitefish against 
a predetermined set of conservation criteria covering abundance, population demographic 
structure and maintenance of habitat quality.  These findings are then combined into an 
overall condition assessment of one of four categories, i.e. favourable, unfavourable (with 
sub-categories of declining, maintained or recovering), partially destroyed, or destroyed.  
This process has been applied to the powan populations of Loch Lomond (Winfield et al., 
2006a) and Loch Eck (Winfield et al., 2006b), Argyll and Bute, and the gwyniad population of 
Llyn Tegid, Gwynedd (Winfield et al., 2003), with a similar but not identical long-term 
monitoring programme also being in place for the vendace populations of Bassenthwaite 
Lake and Derwent Water, Cumbria (Winfield et al., 2007). 
 
Given a continuing deterioration in the status of the vendace in Bassenthwaite Lake, where 
no biological specimens have been recorded since 2001 (Winfield et al., 2007), the refuge 
population of Loch Skeen will prove invaluable in any future attempt to reintroduce this 
species to a restored Bassenthwaite Lake.  An objective and quantitative assessment of its 
present population status compliant with the requirements of Bean (2003) is thus highly 
desirable. 
 
1.2 Objective 
 
The objective of this project was to apply the whitefish assessment protocol of Bean (2003) 
to the vendace refuge population of Loch Skeen. 
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2 METHODOLOGY 
 
2.1 Approach 
 
The protocol of Bean (2003) for vendace and other whitefish is commendably specific with 
respect to the required methodology and was followed in full with the exception of two minor 
changes to some of the equipment used which simply follow technical developments which 
were accepted by SNH.  These deviations are documented towards the end of this section.  
The approach taken here is thus effectively identical to earlier SCM studies for powan 
carried out by CEH for SNH (Winfield et al., 2006a;  Winfield et al., 2006b).  The approach 
taken here was also similar to long-term monitoring of vendace populations carried out by 
CEH at Bassenthwaite Lake and Derwent Water (Winfield et al., 2007). 
 
On 8 August 2007, a pre-planned hydroacoustic survey was performed during daylight in 
order to ease the logistics of a subsequent night-time survey by allowing the setting of 
specific Global Positioning System (GPS) waypoints and the identification of potentially 
problematical or even dangerous shallow water areas.  Results from the day-time 
hydroacoustic survey were also used in the interpretation of a subsequent night-time survey.  
A visual inspection of the site and its immediate catchment was also made to produce a 
description of the habitat and notes on its suitability for maintaining a healthy population of 
vendace as considered in Bean (2003).  Finally, survey gill nets were set during the late 
evening. 
 
On 9 August 2007, gill nets were lifted during the morning and their catches subjected to 
initial processing including species identification and enumeration.  All fish were then put into 
a cool box and immediately taken to CEH Lancaster where they were frozen to await further 
processing.  In addition, raw data files were copied from the hard drive of the hydroacoustics 
system to a second laptop computer as a data security precaution. 
 
Rather than using the target strength to fish length relationship of Foote (1987), as has been 
used in some of our early studies (e.g. Winfield et al. (2006a)), the relationship given by 
Love (1971) was used which allows wider comparisons because it includes an allowance for 
different sound frequencies.  In practice, the fish lengths predicted by these two relationships 
for targets of a given strength differ only by very small amounts of no biological 
consequence. 
 
Also, rather than regard a vessel speed of 2.0 m s-1 as an absolute upper limit, this was 
adopted as a general target mean speed but actual speed was variable depending on 
weather conditions. 
 
Detailed descriptions of the above field and laboratory activities are given in the following 
sections. 
 
2.2 Hydroacoustics 
 
2.2.1 Field work 
 
Prior to arrival at the site, transects for a hydroacoustic survey were planned such that they 
followed a discrete systematic parallel design and took into account the coverage ratio of 
6.5:1 recommended by Bean (2003). 
 
Echo sounding was carried out using a BioSonics DT-X echo sounder with a 200 kHz split-
beam vertical transducer of beam angle 6.5° operating under the controlling software Visual 
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Acquisition Version 5.0.4 (BioSonics Inc, Seattle, U.S.A.).  Throughout the surveys, data 
threshold was set at -70 dB, pulse rate at 5 pulses s-1, pulse width at 0.4 ms, and data 
recorded from a range of 2 m from the transducer.  In addition to the real-time production of 
an echogram through a colour display on a laptop computer, data were also recorded to 
hard disc.  The system was deployed from a 3.0 m rigid dinghy powered by a 3.3 horse 
power petrol outboard engine and moving at a speed of approximately 1.5 m s-1, depending 
on wind conditions.  The transducer was positioned approximately 0.5 m below the surface 
of the water.  Navigation was accomplished using a Garmin GPSMAP 60CSx GPS 
(www.garmin.com) with accuracy to less than 10 m, while a JRC Model DGPS212 GPS 
(www.jrc.co.jp) with accuracy to less than 5 m transferred location data directly to the 
hydroacoustic system where they were incorporated into the recorded hydroacoustic data 
files.  Prior to the surveys, the hydroacoustic system had been calibrated using a tungsten 
carbide sphere of target strength (TS) -39.5 dB at a sound velocity of 1470 m s-1. 
 
On 8 August 2007, surface water temperature was recorded at an inshore location before a 
day-time hydroacoustic survey was undertaken following the initial plan where possible. 
However loch bathymetry and other obstacles encountered in the field necessitated some 
minor adaptive changes towards a discrete random parallel design moving from east to west 
as shown in Fig. 1 (12 day-time transects, c. 14.35 to 15.14 hours).  Corresponding 
waypoints used to navigate a subsequent night-time survey (12 night-time transects, c. 
22.20 to 22.58 hours) are given in Table 1.  Following Jurvelius (1991), coverage ratios 
(length of survey : square root of the research area) were calculated with respect to Loch 
Skeen’s nominal total surface area and with respect to the area bounded by the northern-
most and southern-most transects and thus actually surveyed. 
 
2.2.2 Laboratory examination and analysis 
 
Subsequent data analysis in the laboratory was performed by trace formation, also known as 
fish tracking, using Echoview Version 3.25.55.00 (SonarData, Hobart, Australia, 
www.sonardata.com) with a target threshold of -70 dB and all other tracing parameters set to 
default values.  This process was applied individually to each transect of the night-time 
surveys and to the combined surveys for both day-time and night-time exercises. 
 
Data analysis divided the water column of each transect into 1 m deep strata from a depth of 
2 m below the transducer down to the lake bottom.  Fish counts were converted to fish 
population densities expressed as individuals per hectare of lake surface area for each 
transect by the use of a spreadsheet incorporating the insonification volume for each depth 
stratum. 
 
Estimates of target strengths produced by Echoview were converted to fish lengths using the 
relationship described by Love (1971), 
 
TS = (19.1 log L) – (0.9 log F) – 62.0 
 
where TS is target strength measured in dB, L is fish length in cm, and F is frequency in kHz.  
Targets were then pooled into three length classes of small (-52 to -45 dB, length 40 to 99 
mm), medium (-44 to -37 dB, length 100 to 249 mm) and large (greater than -37 dB, length 
250 mm and greater) fish and the above calculations of fish population densities repeated 
for small, medium and large fish. 
 
Following Jurvelius (1991) and Baroudy & Elliott (1993), the average population density of 
fish during the night-time survey was calculated as the geometric mean with 95% confidence 
limits of the component transects using log(x+1)-transformed data.  Confidence limits could 
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not be calculated for the fish density estimates for the combined transects, but such 
estimates were made in order to allow comparisons between apparent fish abundance 
during day-time and night-time.  Analysis for each day-time transect was considered to be 
unwarranted in the present context and, unless specified otherwise, all subsequent 
references to data relate to those recorded during night-time. 
 
Estimates of the abundance of all species were converted to vendace-specific estimates 
using offshore (i.e. simple unweighted pooling of offshore bottom and offshore surface) 
community composition data from the gill-netting survey as described below.  In addition, the 
mean with 95% confidence limits percentage contribution by small (assumed to be 0+/1+ 
age class) individuals to the combined offshore fish populations was calculated using 
arcsine-transformed data from each transect on which fish were recorded. 
 
2.3 Gill netting 
 
2.3.1 Field work 
 
Gill netting was undertaken using basic and pelagic versions of the Norden survey gill net, 
which was formerly known as the Nordic survey gill net (Appelberg, 2000).  The basic 
version of this net, which is set on the loch bottom, is approximately 1.5 m deep and 30 m 
long, with 12 panels of equal length of bar mesh sizes 5, 6.25, 8, 10, 12.5, 15.5, 19.5, 24, 
29, 35, 43 and 55 mm, while the pelagic version, which is set floating on the loch surface, is 
approximately 6.0 m deep and 27.5 m long, with 11 panels of equal length of bar mesh sizes 
6.25, 8, 10, 12.5, 15.5, 19.5, 24, 29, 35, 43 and 55 mm.  Locations of gill-net sets were 
recorded using a Garmin GPSMAP GPS (www.garmin.com) with accuracy to less than 10 
m. 
 
On 8 August 2007, during the evening one basic net was set in the inshore habitat at a 
depth of approximately 3 to 4 m, together with one basic net and one pelagic net in the 
offshore habitats at the locations indicated in Fig. 1 and Table 1.  The latter were areas of 
approximately 9 m water depth and approached the greatest depths encountered during the 
hydroacoustic survey.  Hereafter, these nets are referred to as inshore, offshore bottom and 
offshore surface, respectively.  Nets were lifted during the next morning and all fish were 
removed from the nets and killed, where practical by overdose with 2-phenoxy-ethanol, 
before being identified and counted.  All fish were then put into a cool box and immediately 
taken to CEH Lancaster where they were frozen at -20 C to await further processing at a 
later date. 
 
2.3.2 Laboratory examination and analysis 
 
After being partially thawed from storage at -20 C, all fish were counted, measured (fork 
length, mm), weighed (total wet, g), sexed (male, female or indeterminate) and assessed 
with respect to maturity (immature, mature) by internal examination.  Samples were also 
taken at this stage for stable isotope analysis outside the present project (see Harrod 2008).  
Catch-per-unit-effort (CPUE) of vendace was calculated for each net as the number of 
individuals per net per set. 
 
For vendace, the left opercular bone was removed and aged by examination under a 
binocular microscope.  A von Bertalanffy growth curve was subsequently fitted using the 
non-linear method of the software analysis package Simply Growth Version 2.1.0.48 (Pisces 
Conservation Ltd, Lymington, U.K.), with its fit subsequently assessed by simple linear 
regression. 
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The condition of individual vendace was assessed using the condition index (CI), 
 
CI = 105 W / L3 
 
where W is total body weight (g) and L is fork length (mm). 
 
2.4 Condition assessment 
 
Criteria to be used to assess the condition of the vendace population specified by the 
whitefish protocol of Bean (2003) were based on abundance, population demographic 
structure and maintenance of habitat quality. 
 
The protocol does not set specific abundance criteria because it considers that the greatly 
differing ecological conditions of different whitefish sites means that site-specific reference 
values are required and these have yet to be determined.  In contrast, a specific criterion is 
given for population demographic structure.  In order to achieve favourable condition, a 
whitefish population has to include 90% of its individuals in the 0+/1+ age class, largely 
corresponding to vendace in the small length class of 40 to 99 mm.  Statistical significance 
of such assessment was performed by a t test on arcsine-transformed data of the combined 
offshore fish populations (identification to species was not possible) from night-time 
transects on which fish were recorded, against an expected value taken as the above 
criterion. 
 
For maintenance of habitat quality, to achieve favourable condition a site must not have 
suffered changes in habitat quality through nutrient enrichment, siltation, gravel exposure, or 
loss of spawning substrate.  This habitat aspect of condition assessment was addressed as 
far as it can be in the field by a brief visual inspection of the site and its immediate catchment 
on Day 1.  In addition, the protocol notes that in order for sites containing vendace to 
achieve favourable condition they must not contain established introduced populations of 
species such as ruffe (Gymnocephalus cernuus). 
 
3 RESULTS  
 
3.1 Hydroacoustics 
 
Surface water temperature was 15.3 ° C at 14.15 hours on 8 August 2007.  The surveys 
achieved a coverage ratio of 4.2:1 with respect to total surface, while for the area actually 
surveyed this figure was 5.8:1. 
 
Fig. 2 presents an example echogram and abundance estimates for small, medium and 
large fish are give in Fig. 3.  These data are also given in numerical form in Table 2, where a 
conversion to the abundance of vendace is also presented.  Geometric mean abundance of 
all sizes of all fish was 386.2 fish ha-1, with lower and upper 95% confidence limits of 106.6 
and 1399.3 fish ha-1, respectively, which on the basis of the gill-netting data presented below 
converted to a vendace abundance of 231.7 fish ha-1 (lower and upper 95% confidence 
limits of 64.0 and 839.6 fish ha-1, respectively). 
 
For the combined night-time survey, the abundance of all sizes of all fish was 728.4 fish ha-1 
(comprising 554.7 small, 134.7 medium and 39.0 large fish ha-1), while the equivalent figure 
for the day-time survey was 6.1 fish ha-1 (comprising 0.0 small, 6.1 medium and 0.0 large 
fish ha-1). 
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The mean percentage contribution by small (assumed to be 0+/1+ age class) individuals to 
the combined offshore fish populations (identification to species was not possible) was 81%, 
with lower and upper 95% confidence limits of 58% and 105%, respectively (also given in 
Table 2). 
 
3.2 Gill netting 
 
A total of 91 fish of three species, i.e. 42 brown trout (Salmo trutta) (length range 120 to 299 
mm, weight range 22 to 336 g), 10 minnow (Phoxinus phoxinus) (length range 40 to 73 mm, 
weight range 1 to 4 g) and 39 vendace (length range 122 to 215 mm, weight range 16 to 111 
g) was recorded from the inshore, offshore bottom and offshore surface habitats (Fig. 4).  
Brown trout occurred in all three habitats, dominating the inshore and offshore bottom 
habitats.  In contrast, minnow were almost exclusively recorded in the inshore habitat with 
the only exception being a single individual in the offshore surface habitat.  Vendace were 
restricted to the offshore surface habitat, which they dominated, and overall they comprised 
60% of the offshore fish community (based on a simple unweighted pooling of offshore 
bottom and offshore surface data). 
 
Fig. 5 presents the length frequency distribution, age frequency distribution and growth 
curve for vendace.  Age ranged from 1 to 6 years with all encompassed age classes being 
recorded, while the statistical parameters (± 95% confidence limits where applicable) of the 
fitted von Bertalanffy growth curve were L∞ = 197 mm (± 1 mm), K = 1.034 (± 0.050), t0 = -
0.076 and r2 = 0.99. 
 
The overall male : female sex ratio of vendace was 0.5:1 (13 males : 24 females), with two 
immature individuals of age 1 year being of indeterminable sex.  Both sexes generally 
reached maturity at 2 years.  Condition index ranged from 0.86 to 1.36, with an overall mean 
of 1.13 with lower and upper 95% confidence limits of 1.09 and 1.17, respectively. 
 
3.3 Condition assessment 
 
For vendace abundance, the observed abundance (mean 231.7 fish ha-1, lower 95% 
confidence limit 64.0 fish ha-1, upper 95% confidence limit 839.6 fish ha-1) was relatively high 
in a U.K. context for coregonids (see Winfield et al. (in press)).  In addition, it can be 
specifically compared with corresponding figures of 27.9 fish ha-1 (lower and upper 95% 
confidence limits of 10.4 and 75.2 fish ha-1, respectively) for the vendace population of 
Derwent Water, calculated using the same procedure used in this assessment (Winfield et 
al. 2007).  Although the protocol of Bean (2003) does not give a quantitative criterion against 
which this parameter may be assessed which precludes a formal judgement in terms of 
abundance, it is suggested that this aspect of site assessment is classified as being in 
favourable condition. 
 
For population demographic structure, the observed percentage contribution (mean 81%, 
lower 95% confidence limit 58%, upper 95% confidence limit 105%) of small vendace to the 
total population did not differ significantly from the criterion of 90% (t test, t = 1.560, df = 10, 
p > 0.10).  Under the protocol given by Bean (2003), this aspect of site assessment is also 
classified as being in favourable condition. 
 
For maintenance of habitat quality, none of the specified problems were apparent.  Under 
the protocol given by Bean (2003), this aspect of site assessment is classified as being in 
favourable condition. 
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On the basis of the above assessments, the overall condition of the vendace population is 
considered to be favourable. 
 
4 DISCUSSION  
 
A study of this nature, in which the primary overall objective was simply to apply the protocol 
described by Bean (2003) to produce an assessment of the vendace refuge population of 
Loch Skeen, requires little discussion.  The specific objectives of the present project of 
producing an assessment of vendace abundance, a description of the population of vendace 
highlighting the relative contribution of juvenile year classes to the overall population and the 
absence of any year classes, a description of the overall condition of vendace with some 
notes on the maturation status of each size class, and a description of the habitat and notes 
on its suitability for maintaining a healthy population of vendace, have already been met 
within the results section.  In addition, the reports of Winfield et al. (2006a) and Winfield et al. 
(2003) have already discussed at length various technical aspects of the protocols of Bean 
(2003) and so these issues will not be considered again here.  However, it is appropriate to 
provide some discussion here to put some of the biological detail of the present finding of 
favourable status into a wider context of vendace population ecology in the U.K. 
 
As noted following an extensive literature search by Winfield et al. (1994), there have been 
relatively few quantitative population studies of vendace in the U.K.  While no quantitative 
hydroacoustics studies were made of the Lochmaben vendace prior to their extinction, 
Maitland (1966) suggested that these populations had the smallest average individual 
lengths of this species in the U.K. with no records of fish larger than 230 mm and adults 
normally in the size range of 150 to 200 mm.  Although some unpublished information on the 
vendace of Bassenthwaite Lake and Derwent Water is given in the unpublished thesis of 
Mubamba (1989), most biological data and all hydroacoustic data on these populations 
originate in the long-term monitoring programme of Winfield et al. (2007) and associated 
projects.  As noted earlier, vendace samples from Bassenthwaite Lake have become 
extremely rare during the course of this monitoring programme and so the biological 
characteristics of the two Cumbrian populations are best described by samples from the 
early 1990s.  A summary of these data is provided by Winfield et al. (1996) who noted that 
vendace from Bassenthwaite Lake ranged from 136 to 261 mm in length and from 1 to 8 
years in age, with corresponding figures from the Derwent Water population being 111 to 
247 mm in length and 2 to 8 years.  The length range of 122 to 215 mm reported here for the 
vendace refuge population of Loch Skeen is slightly more restricted than those given for the 
Cumbrian populations, which may reflect the relatively high altitude and low nutrient 
conditions of its habitat or the fact that this population is still in the process of becoming fully 
established.  It is, however, similar to those reported for the Lochmaben populations.  The 
age range observed at Loch Skeen was also slightly less than those of the two natural 
populations, although again this could simply reflect the short period for which the population 
has been establishing rather than any inherent characteristic of the population or its habitat.  
A detailed comparison of hydroacoustic data from Loch Skeen and Cumbria has already 
been made above in the results section and so will not be repeated here. 
 
In summary, the vendace refuge population of Loch Skeen is at a relatively high abundance 
for the species in the U.K. and shows consistent recent recruitment.  Consequently, its 
overall condition is considered to be favourable. 
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Figure 1.  Locations of 12 hydroacoustic transects (upper map, with the direction of travel 
indicated by an arrowhead) and 3 gill-netting sites (lower map, with bottom and surface nets 
indicated by circles and squares, respectively) on Loch Skeen.  Detailed location data are 
presented in Table 1.  Scale is indicated by the 1 km grid.  Based upon Ordnance Survey 
1:25000 data which are © Crown copyright 2007.  All rights reserved Scottish Natural 
Heritage 100017908 (2007). 
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Figure 2.  Example night-time echogram from Transect 6 recorded near the middle of Loch 
Skeen at 22.39 hours. 
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 Figure 3.  Abundance estimates (geometric means with 95% confidence limits by length 
class (small 40 to 99 mm, medium 100 to 249 mm, large 250 mm and greater) for fish in 
Loch Skeen. 
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Figure 4.  Fish community compositions for inshore (N = 26 fish), offshore bottom (N = 15 
fish) and offshore surface (N = 50 fish) habitats of Loch Skeen. 
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Figure 5.  Length frequency distribution (N = 39 fish), age frequency distribution (N = 39 fish) 
and mean length-at-age growth curve (closed circles) of vendace of Loch Skeen.  The 
lowermost graph includes a fitted von Bertalanffy growth curve (continuous line) with 
parameters L∞ = 197 mm, K = 1.034, t0 = -0.076 and r2 = 0.99. 
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Table 1.  GPS locations for 12 hydroacoustic transects and 3 gill-netting sites on Loch 
Skeen.  Locations are given in degrees and decimal minutes. 
 
Event Latitude (North) Longitude (West) 
Transect 1 start 55, 26.219 3, 19.034 
Transect 1 end 55, 26.312 3, 18.891 
Transect 2 start 55, 26.272 3, 18.821 
Transect 2 end 55, 26.183 3, 18.991 
Transect 3 start 55, 26.152 3, 18.966 
Transect 3 end 55, 26.247 3, 18.788 
Transect 4 start 55, 26.216 3, 18.751 
Transect 4 end 55, 26.151 3, 18.886 
Transect 5 start 55, 26.143 3, 18.801 
Transect 5 end 55, 26.180 3, 18.711 
Transect 6 start 55, 26.160 3, 18.676 
Transect 6 end 55, 26.105 3, 18.795 
Transect 7 start 55, 26.071 3, 18.756 
Transect 7 end 55, 26.129 3, 18.615 
Transect 8 start 55, 26.103 3, 18.582 
Transect 8 end 55, 26.046 3, 18.722 
Transect 9 start 55, 26.006 3, 18.693 
Transect 9 end 55, 26.059 3, 18.547 
Transect 10 start 55, 26.029 3, 18.523 
Transect 10 end 55, 25.974 3, 18.657 
Transect 11 start 55, 25.934 3, 18.612 
Transect 11 end 55, 25.982 3, 18.477 
Transect 12 start 55, 25.954 3, 18.454 
Transect 12 end 55, 25.903 3, 18.565 
Inshore 1 56, 26.167 3, 18.635 
Offshore bottom 1 56, 26.120 3, 18.688 
Offshore surface 1 56, 26.103 3, 18.746 
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Table 2.  Abundance estimates (geometric means with lower and upper 95% confidence 
limits) by size class for all fish and vendace (adjusted using offshore community composition 
data from gill-netting surveys), and percentage contribution (means with lower and upper 
95% confidence limits) by small (assumed to be 0+/1+ age class) individuals to the 
combined fish populations of Loch Skeen. 
 
Abundance (fish ha-1) Species 
Small Medium Large 
 
 
All 
Contribution by 
small (0+/1+) 
individuals (%) 
All 296.2 (86.8, 
1011.3)  
44.6 (10.0, 
198.2) 
4.9 (1.1, 
21.6) 
386.2 
(106.6, 
1399.3) 
81 (58, 105) 
Vendace 177.7 (52.1, 
606.8) 
26.8 (6.0, 
118.9) 
2.9 (0.7, 
13.0) 
231.7 (64.0, 
839.6) 
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Table 3.  Gill-netting catch-per-unit-effort (CPUE, by numbers per gill-net set) for vendace by 
habitat for Loch Skeen.  The numbers of net sets carried out in each habitat are also given. 
 
Habitat Number of net sets Vendace 
CPUE 
Inshore 1 0 
Offshore bottom 1 0 
Offshore surface 1 39 
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